Ischemia is a devastating complication after arteriovenous fistula (AVF) creation. When not timely corrected, it may lead to amputation. Symptomatic ischemia occurs in 3.7e5% of the hemodialysis population. Upper arm AVFs have a higher incidence of ischemia compared to forearm AVFs. As more patients may need upper arm AVFs in the growing and older hemodialysis population, occurrence of symptomatic ischemia may increase. The purpose of this study is to identify predictors for occurrence of ischemia. Methods. A prospective evaluation of ischemia was performed in patients randomised for either a brachialebasilic (BB-) AVF or a prosthetic forearm loop AVF. Clinical parameters, preoperative vessel diameters, access flows, digital blood pressures, digit-to-brachial indices (DBI) and interventions for ischemia were recorded. Results. Sixty-one patients (BB-AVF 28) were studied. Seventeen patients (BB-AVF 8) developed ischemic symptoms. Six patients (BB-AVF 3) needed interventions for severe symptoms. Age, history of peripheral arterial reconstruction and radial artery volume flow were significant predictors for the occurrence of ischemia. Conclusion. Symptomatic ischemia occurred in 28% of patients with brachialebasilic and prosthetic forearm AVFs. Age, history of peripheral arterial reconstruction and radial artery volume flow might be important for prediction of ischemia. Ó
Introduction
Ischemia in end-stage renal disease (ESRD) patients on hemodialysis is an uncommon but feared complication of vascular access creation, which can lead to finger and hand amputation. 1e3 Upper extremity ischemia is reported to be more frequent in elbow and upper arm fistulas as compared to forearm fistulas. 4 It is estimated that 20e25% of patients with an upper arm fistula will develop hand ischemia. 1,5e7 Due to the growing and older hemodialysis population, an increasing number of patients will rely on upper arm vascular access because of the impossibility of forearm AVF creation (radialecephalic AVF) or failure of previous accesses. As a result, an increase in the total number and percentage of patients with symptomatic ischemia after vascular access creation might be expected. 8 There still is little information on patientrelated and noninvasively measured vessel parameters that may predict the occurrence of ischemia in elbow/ upper arm accesses like brachio-basilic and prosthetic forearm loop AVFs.
The primary purpose of this study is therefore to evaluate patient demographics as well as preoperative duplex parameters to identify predictors for occurrence of ischemia in brachio-basilic and prosthetic forearm loop AVFs. The secondary purpose of this study is to compare the occurrence of ischemia in these two types of vascular access.
Methods
Patients at a single dialysis facility with failed vascular access or insufficient arterial and/or venous vessels (distal radial artery and/or forearm/upper arm cephalic vein <2.0 mm in diameter) were included and randomised for creation of a brachio-basilic AVF (BB-AVF) or prosthetic (Polytetrafluoroethylene; Gore & Ass, Flagstaff, USA) brachialeantecubital forearm loop (PTFE loop; prosthetic graft AVF). This study was part of a larger randomised trial in which patency rates were compared between these two options for vascular access. Approval of the ethical committee was obtained. All patients gave informed consent. Preoperatively, patients received preoperative upper extremity vessel assessment by means of duplex ultrasound investigation (SSD-2000, Aloka Co Ltd, Tokyo, Japan) as a standard procedure. Fore-and upper arm cephalic and basilic vein diameters and brachial, ulnar and radial artery diameters and flow were measured. Bilateral systolic and diastolic brachial bloodpressure (Riva-Rocci method) and systolic digital pressure were measured. Finger pressures were measured by using a photoplethysmograph and an inflatable cuff (Nicolet Vascular, Madison, WI, USA) and the digitto-brachial index (DBI) was calculated by dividing systolic digital blood pressure by systolic brachial blood pressure.
Clinical and duplex parameters were recorded preoperatively. Postoperatively, clinical parameters, flow and DBI were recorded at 6, 12, 26 and 52 weeks. Ischemic symptoms were defined as pain during exercise and/or hemodialysis (stage 2e3). 4 The indication for intervention for ischemia was made on clinical symptoms and the outcome of DBI and duplex measurements. In particular the amount of bloodflow through the AV anastomosis was non-invasively measured. All patients underwent pre-intervention angiography with visualisation of the complete arterial inflow, AV anastomosis and outflow veins. In principle all arterial inflow obstructions were treated by radiological intervention, while high bloodflow through the vascular access was surgically revised by flow-reducing techniques.
Statistical analysis
For statistical analysis, SPSS 12.01 program was used. All complications and interventions related to symptomatic ischemia were recorded. Patients who died, were transplanted, had access failure or were lost to follow up were censored for ischemia-free survival analysis. No power calculation was used for this study, as the primary aim of this study is to find predictors for ischemia. The KaplaneMeier method was used to compare the ischemia-free period for the two groups. Univariate Cox-regression was used to find predictors for the occurrence of ischemia. Parameters with P <.1 were included in a multivariate backwards Cox-regression. In this multivariate regression, a P-value of less than .05 was considered statistical significant.
Results
Sixty-one patients were randomised of which 28 had BB-AVF and 33 prosthetic graft AVF creation. Patient characteristics are shown in Tables 1 and 2 . Mean follow up time was 282 AE 19.3 (SE) days for the BB-AVF group and 247 AE 22 days for the prosthetic graft group. In one patient, non-maturation of the BB-AVF did occur. There were 14 patients (1 in the BB-AVF group) with 31 thromboses (range: 1e6 per patient).
Ischemia occurred earlier after operation in the PTFE group; however, there was no significant difference in occurrence of ischemic symptoms after one year for both types of access (29% vs 28% for the BB-AVF and prosthetic grafts) (Fig. 1) . The mean ischemia-free period was 280 AE 26 and 262 AE 29 days for the BB-AVF and prosthetic graft group, respectively. The percentage of patients who did not need intervention for ischemia after one year was 89% versus 90% for the BB-AVF and PTFE group, respectively. Mean intervention-free period for ischemia was 339 AE 14 and 331 AE 18 days for the BB-AVF and graft AVF. As can be seen in Table 3 , brachial artery volume flow was at no time significantly different for the BB-AVF and PTFE group as well for the non-ischemia and ischemia group.
Six patients (3 BB-AVF; 3 prosthetic grafts) needed a total of 12 interventions for salvage of ischemia. The BB-AVF group underwent 4 percutaneous transluminal angioplasties (PTA) with additional stent implantation (one patient) for subclavian artery obstruction. In addition, distal arterial flow enhancement by proximalisation of the arteriovenous anastomosis with graft implantation 9 was needed in 2 patients combined with anastomotic patchplasty in one. In the end, 2 BB-AVFs had to be surgically ligated to resolve ischemia, leaving only one patient successfully treated for ischemia. In the prosthetic graft group, 2 PTAs and 2 banding procedures to reduce high flow were necessary to solve ischemic complications. There was no graft ligation necessary in the prosthetic group.
Patient and vessel characteristics of the non-ischemia and ischemia group are listed in Tables 4 and 5 . In an univariate Cox-regression analysis age, previous brachialecephalic AVF, cardiac disease, hypertension, a history of peripheral arterial reconstruction, preoperative brachial artery diameter and volume flow of the distal radial artery were significant parameters for ischemia (P <.01) ( Tables 4 and 5 ). In the backwards multivariate Cox-regression analysis with these parameters, a history of peripheral arterial reconstruction and volume flow of the distal radial artery were independent predictors for ischemic symptoms within one year after operation (P <.05) ( Table 5 ). With a Pvalue of .053, age showed a trend to be a predictor for ischemia as well.
The increase in brachial arterial diameter from operation until one year after was significantly lower in the ischemia group compared to the non-ischemia group (P <.001), while brachial artery volume flow was not significantly different. The decrease in DBI after access creation was significantly greater in the ischemia group compared to the non-ischemia group (P ¼.03). The decrease in DBI in patients who needed intervention was even greater (Fig. 2) .
Discussion
In this study, 28% of patients with BB-AVF and forearm grafts developed symptoms of ischemia while 11% needed intervention within one year after access creation. Similar percentages are reported in the literature, with in particular high percentages in brachial-based arteriovenous fistulas. However, when prospectively evaluated with the use of a questionnaire, steal symptoms are experienced on a much larger scale than previously thought. 7 Not all patients with ischemic symptoms need intervention, but a carefully wait and see policy is recommended.
Several clinical predictors for ischemia have been described: age, diabetes, hypertension, peripheral arterial obstructive disease, coronary artery disease, and female gender have been associated with the occurrence of ischemia. 3,10e12 A preoperative prediction of ischemia would be helpful to better outline the strategy for access placement. In the present study a history of peripheral arterial reconstruction and Fig. 1 . Ischemia-free survival in brachialebasilic (BB-AVF) and prosthetic graft AVF (PTFE). radial artery volume flow are found to be independent predictors of ischemia. Furthermore, age shows a tendency to significance. It is well appreciated that the aging dialysis population has poor peripheral vessels due to associated cardiovascular morbidities and therefore a priori at risk for deteriorated peripheral hand circulation, in particular when high flow brachial artery-based accesses may induce steal. Yeager et al. found ischemia of the hand in ESRD patients with primarily distal atherosclerotic arteries. 13 These poor atherosclerotic arteries have less ability to adapt to higher flows than healthy arteries. Taken this theory into account, in these fistulas less flow will go through the fistula and to the already impaired atherosclerotic peripheral circulation. Thus, a history of peripheral arterial reconstruction of the legs indicates also a poor peripheral circulation in the upper extremity and therefore a higher risk for ischemia of the hand. Patient demographics for the non-ischemia vs. the ischemia group. The values in the fourth column represent the p-value found in a univariate Cox-regression analysis for ischemia. Variables with a p-value smaller then .1 were put in a multivariate Cox-regression for ischemia. Last column represent the p-value found in the multivariate backward regression. When P-value is <.05, the parameter is considered a statistically significant predictor for ischemia. Bold numbers indicate (borderline) statistical significance. Preoperative duplex parameters. The values in the fourth column represent the p-value found in an univariate Cox-regression analysis for ischemia. Variables with a P-value smaller then .1 were put in a multivariate Cox-regression for ischemia. Last column represent the p-value found in the multivariate backward regression. When P-value is <.05, the parameter is considered a statistically significant predictor for ischemia. Bold number indicates the statistical significant parameter. Fig . 2 . Digit-to-brachial index in brachialebasilic (BB-AVF) and prosthetic graft AVF (PTFE). Digit-to-brachial index (DBI) is shown with standard error bars for the nonischemia group, the ischemia group without intervention and the ischemia group with intervention. There is a significant difference in DBI between the non-ischemia group and the ischemia group (P ¼.03).
We found volume flows of the distal radial artery to be an independent predictive variable for the occurrence of ischemia. An explanation for this may be a greater impact of steal on the blood flow to the hand. Another explanation could be that patients with low radial artery volume flows already developed collateral blood flow to the hand, which compensates steal phenomenon due to the fistula.
Access volume flows were at no time point different between the ischemia and non-ischemia group. Therefore this parameter is not useful to discriminate between patients with and without distal hypoperfusion. On the other hand, determination of the access flow is of importance to outline the strategy for treatment. Flow reduction procedures for instance by access banding is the primary option in high-flow arteriovenous fistulas, 8, 14 whereas in normal/low-flow fistulas the distal revascularisation and interval ligation (DRIL) procedure or proximalisation of the arteriovenous anastomosis are recommended. 9, 15, 16 The digit-to-brachial index (DBI) is described to be a predictor for the occurrence of ischemia, although different cut-off values (.60 to 1.00) for ischemia have been proposed. 8, 11, 12, 14, 17, 18 In this study the DBI at 6 weeks postoperatively was lower compared to preoperative values and remained unchanged during the follow up in most patients. This is in accordance with the findings of Papasavas et al., who reported a significant change in DBI directly after operation, which remained stable from there on. 18 In the univariate Cox-regression analysis we found the preoperative DBI not to be a predictor for the occurrence of ischemia. However a significant decreased DBI was seen six weeks after operation in the ischemia group, with very low values (<.4) in patients who needed interventions. Also, Valentine et al. were not able to determine a preoperative DBI threshold that could indicate the development of postoperative ischemia. 12 Others studies reported a DBI of <.6 direct postoperative or <.45 intraoperatively as a predictor for ischemia, but could not indicate when to intervene on basis of these values. 11, 18 Therefore, the DBI measurement might possibly be a method for the diagnosis of patients with suspicion on ischemic symptoms and might be helpful to support the decision for intervention, although the clinical symptoms prevail in the final decision to treat the patient. Access preservation and relief of symptoms are the ultimate goals of treatment. The major key for a successful outcome is angiography with visualisation of the in-and outflow arterial tree.
Sixty-six percent of the patients with severe ischemia in this study had an angiographically proven subclavian artery stenosis. After percutaneous dilatation, ischemic symptoms disappeared in only one patient, despite an adequate PTA with no residual stenosis. In the BB-AVF group we performed distal arterial flow enhancement by proximalisation of the arteriovenous anastomosis with graft implantation as described by Zanow et al. 9 Although they reported good results with this technique, we had to ligate these two fistulas because of persistent ischemia. Duplex investigation showed steal in the brachial artery distal of the newly created proximal anastomosis.
In summary, steal is a rather common complication after vascular access creation (28% in this population). This study showed, in a multivariate Cox'regression, age, history of peripheral arterial reconstruction and distal radial artery volume flow to be predictors for the development of symptomatic ischemia of the hand after vascular access creation. There is no difference in occurrence of ischemia between brachialebasilic or forearm graft AVF. Furthermore, DBI measurement might be an important surveillance method and can indicate whether a patient will develop ischemia or not. Future studies on the pre-and postoperative forearm vessel hemodynamics may indicate better predictors for the development of ischemia after access creation.
